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Fig. 1 — Resonant Control Installation Showing Switchboard and 

Motor Generator. 
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Fig. 2— Resonant Control Installation Showing Tuning Coils, 
Condensers and Circuit-Breakers. 



FOREWORD 

The methods for control of street lights have passed 
through a long period of evolution. In reviewing the progress 
in this field of development from the time of the lamp-lighter 
to the present day, it will be found that street lighting control 
systems have kept pace with the rapid developments in light- 
ing units, standards, transformers and cable. 

We now come to another important step in control which 
makes possible the control of street lights from a central point 
without the use of pilot circuits. The system, known as 
Resonant Control, was primarily developed for the control of 
multiple street lights. However, it also makes possible the 
control of automatic series constant-current regulators from a 
central point without the necessity of long control circuits. 

The elimination of control circuits is made possible by 
sending a medium frequency current over the regular lighting 
and power circuits. It is transmitted to relays located in the 
base of each lighting standard. In the control of multiple 
street lighting, the relays control one lamp directly. While with 
series circuits, the relays operate the remote-control oil switch 
controlling the primary of the regulator. 
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Fig. 3 — Pictograph of Resonant Control Exterior Circuits 
Three Phases Energized Simultaneously. 

Note Simplicity of Street Light and Customer Distribution. 
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Fig. 4 — Pictograph Showing Resonant Control Station Equipment 
Three Phases Energized Consecutively. 
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HE rapid development of radio 
has greatly stimulated interest 
in the properties of electric cir- 
cuits. It has led to a clearer, 
better and much more general under- 
standing of all circuit phenomena and 
particularly those relating to high fre- 
quencies. This knowledge and experience 
has lately been turned to great practical 
advantage in providing a solution for 
the problem of street light control. 

The difficulty of turning multiple street 
lights on and off has been a serious 
obstacle to the general adoption of the 
multiple system. This problem has been 
solved by the use of medium frequency 
currents. These currents are superim- 
posed on the regular power currents and 
in no way affect or interfere with the 
normal operation of the power system. 

The general idea of superimposing 
medium frequency currents on the circuits 
of a power system was proposed many 
years ago. It remained unsolved how- 
ever until the advances in radio gave a 
clearer understanding of the circuit prop- 
erties involved. The work was finally 
undertaken and completed by the Radio 
Engineering Department of the Westing- 
house Electric & Manufacturing Com- 



pany at the request of one of the large 
power companies directly interested in 
supplying multiple street lights from its 
existing secondary network. The appar- 
atus developed represents the results of 
four years of intensive research and ex- 
periment in conjunction with one of the 
largest public utilities in the country. 
The system as worked out is quite simple. 
The control units are small in size, 
rugged in design, and of low cost. The 
system is believed to be superior to any 
known existing method for the control of 
multiple street lights. It is also well 
adapted to the remote control of series 
lighting systems fed by pole type regu- 
lators. Many difficult problems of remote 
control and switching may be solved by 
adopting this system. 

General Principle 

The basic idea of the control system is 
to use the existing power conductors as 
the control circuit. The control currents 
are transmitted over the lines just like 
power currents. The frequency of the 
control currents used is sufficiently higher 
than the power frequency to make it easy 
to separate the control currents from the 
power currents. 
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Special relays employing tuned circuits 
are provided at points where control is 
desired. These relays are connected across 
the 110-volt mains which feed the indi- 
vidual street light or group of lights. 
The relays respond only to currents hav- 
ing the particular frequency for which 
they are tuned. Sufficient energy is fed 
through the power system to the control 
relays to operate them by the direct elec- 
tromagnetic pull of the control currents 
themselves without the use of vacuum 
tubes, amplifiers or rectifiers of any kind. 
This avoids complication and delicacy 
in the control units and also avoids using 
parts requiring periodic replacement. 

Two control frequencies are used, one 
to turn the lights on and one to turn them 
off. This method is preferred because of 
its directness and simplicity. Where only 
two or three simple operations are re- 
quired the use of one frequency for each 
operation works out better than by using 
a single frequency with some form of 
selector. It gives a system of greater 
simplicity and reliability. It is also more 
compact and much cheaper. 

Method of Feeding Control Cur- 
rents into the Power System 

The control currents are fed into the 
power system at the substation. A single 
feeder may be energized alone or all the 
feeders on a bus may be energized at the 
same time. Single phases may be ener- 
gized by switching from feeder to feeder, 
or the entire bus may be energized by 
making connection to the bus instead of 
to individual feeders. The control cur- 
rents flow along the conductors just as 



though the power currents were not 
present. The frequency of the control 
currents is selected so as to avoid serious 
loss in transmission and to permit being 
efficiently stepped up or down through 
the existing power transformers. Fre- 
quencies of about 500 cycles are used. 
These frequencies are transmitted with 
very little loss even through cable systems. 
The method of introducing the control 
currents into the power system is shown 
in Fig. 5 which is a schematic diagram 
of a substation bus with a single feeder. 
The control currents are produced by 
the generator "G". This is a rotating 
machine of a standard type driven by a 
two-speed induction motor or by a single 
speed induction motor w r ith a two-speed 
gear shift. The two-speed motor runs 
at 1200 and 1800 rpm., while the single 
speed motor runs at 3600 rpm. The 
latter is a smaller unit, and, since it is 
for short-period use, the oil immersed 
gears are not objectionable. The gener- 
ator produces control frequencies of 480 
and 720 cycles at 1200 and 1800 rpm. 
respectively. The generator is coupled 
to the feeder by means of a tuned circuit. 
This tuned circuit consists of suitable 
condensers, and inductance coils. The 
condensers are of the oil filled type similar 
to those ordinarily used for power factor 
correction. The inductance coils are 
made of special stranded cable to reduce 
copper losses to a minimum. A trans- 
former of suitable ratio is interposed be- 
tween the generator and the tuned circuit 
so as to adapt the generator to the low 
impedance circuit which it feeds. The 
condensers are connected directly to the 
feeder and serve the double purpose of 
tuning the generator circuit and of in- 
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traducing a high impedance to the flow 
of power frequency current back through 
the generator. 

The current delivered by the generator 
and tuned circuit to the feeder has two 
paths in which to flow. Referring again 
to Fig. 5 it may flow from junction 1 
back through the feeder regulator, reactor, 
station transformer bank to junction 2. 
It may also flow from 1 out along the 
feeder through the numerous distributing 
transformers and their connected load 
and back to 2. The current divides be- 
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Fig. 5— Schematic Diagram of Substation 
Bus with Single Feeder 

tween these paths inversely as their 
respective impedances. The two paths in 
parallel present a combined or resultant 
impedance to the flow of input current 
from the generator. The input current 
multiplied by this resultant impedance 
gives the value of the control frequency 
potential superimposed on the power sys- 
tem as measured across the feeder ter- 
minals at points 1 and 2. This potential 
is superimposed on top of the power fre- 
quency potential and it acts independent- 
ly, i.e. as though the power frequency 
were not present. The value of this 
potential for a 2300-volt feeder is approxi- 
mately 100 volts. So far as the control 
currents are concerned the system can be 
viewed as though the feeder were ener- 
gized by a 100-volt generator connected 



across points 1 and 2 as shown in Fig. 5. 
This 100-volt control voltage acts 
throughout the whole length of the feeder 
and excites the primary side of all dis- 
tributing transformers on the feeder. 
The transformers step this control voltage 
down, in the same ratio as the power volt- 
ages, giving 5 volts on the 110-volt side of 
each transformer. It is this voltage which 
is available for the operation of the tuned 
control relays. 

The superimposed potential does not 
add directly to the power potential but 
adds vectorially at right angles. Thus 5 
volts of control potential adds only .11- 
volt to the effective system potential. A 
superimposed potential of 20 volts will 
only increase the 110-volt secondary 
potential by 2 volts. The energy re- 
quired to produce the superimposed con- 
trol voltage is a very small part of the 
energy rating of the power system. It 
may be of interest to note that the control 
frequency generator runs at 100% power 
factor and supplies only the power com- 
ponent of the superimposed kv-a. 

The existing wires and cables of a power 
system therefore provide an efficient 
channel for the transmission of independ- 
ent control currents for all sorts of pur- 
poses. There is no difficulty in trans- 
mitting control currents, having sufficient 
energy to directly operate suitable relays, 
to all parts of the system. 

Resonant Relays 

The relays used in this system of control 
utilize the direct electromagnetic pull of 
the control current; that is, the control 
currents are themselves sufficiently strong 
to move the relay armature on which is 
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mounted the control contact. This is a 
great advantage in that it avoids the com- 
plication of amplifying tubes, rectifying 
tubes or delicate relay mechanism. 




Fig. 6 — Resonant Relay Used for Street 
Light Control 

Fig. 6 shows the general appearance 
of the type of relay used for streetlight 
control. Fig. 7 is a diagram showing 
principal features of the relay. It consists 
of a simple "U" shaped electromagnet 
acting on a balanced armature. The 
armature carries the control contact which 
completes a circuit through a contactor 
switch in the lamp circuit. The relay 
contact therefore does not carry the lamp 
current but only the control current for 
the contactor switch. The contacts of 
both the relay and the contactor switch 
are made of pure silver to assure perfect 
contact under all service conditions. 

The magnet winding of the relay plays 
a double part. In addition to its normal 
function in which it plays the part of a 
simple electromagnet, it furnishes the 
inductance necessary to tune the relay to 
the desired control frequency. The relay 
is connected to the line through a con- 
denser which furnishes the other element 



necessary to form a tuned circuit. The 
condenser also acts as a stopping con- 
denser to prevent the flow of an appreci- 
able amount of power frequency current 
through the relay. The inductance of 
the relay is so adjusted that the circuit 
consisting of the relay and condenser are 
in series resonance for the frequency on 
which the relay is required to operate. 
That is, the reactance of the relay circuit 
as a whole is zero for its operating fre- 
quency. This circuit is connected directly 
across the 110-volt line as shown at 7 and 
8 on Fig. 5. Since the relay is con- 
nected across the supply line at all times a 
small amount of power current will flow 
through the condenser and relay but this 
current is much below the operating 
value. This continuous flow of power 
frequency current is a leading current, 

? TO CONTACTOR 
SWITCH 




Fig. 7— Diagram Showing Principal 
Features of Resonant Relay 

being almost entirely wattless. This lead- 
ing current is a benefit to the system in 
that it helps to correct the power factor. 
Since the reactance of the relay circuit 
is zero for the operating frequency, the 
current flowing through it is governed by 
Ohm's law, thus: 

R 
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where E is the value of the control fre- 
quency voltage impressed across the relay 
circuit, R is the effective resistance of 
the relay circuit, and I is the current flow- 
ing through the relay winding. It is 
obvious that the lower the effective resis- 
tance of the relay circuit, the more energy 
will be available to operate the relay. 
This resistance is therefore purposely 
kept low so as to draw ample control 
frequency energy from the power system. 
It might be noted here that the princi- 
pal difficulty encountered in the develop- 
ment of this system of control was in 
keeping the losses in the relay circuits 
sufficiently low. By careful selection of 
materials and proper proportion of the 
magnetic circuit, these losses were cut 
down well under the values necessary 




for successful commercial operation. It 
was the successful development of these 
low-loss relays which made it possible to 
draw sufficient control frequency energy 
from the power system to positively oper- 
ate a pair of contacts by the direct elec- 
tromagnetic pull of the control current 
itself. 
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Fig. 8— Street Light Control Unit 
With Metal Cover, Cover Removed 



Resonant Control Unit 

Figs. 8 and 9 show the appearance of 
the complete street light control unit. 
Either a metal or glass cover can be used. 
The equipment is assembled in a water- 
proof case and is of such dimensions as to 
permit its being mounted in the base of 
the majority of ornamental street light 
posts. See front cover. Each control 
^ h. unit consists of two 

tuned relays with the 
necessary condensers 
and a suitable contac- 
tor switch to turn the 
lamps on or off. 

A schematic diagram 
of the elements in the 
control unit is shown 
in Fig. 10. The tuned 
relays are shown as 1 
and 3 on the diagram. 
The switch or contac- 
tor in the lamp circuit 
is of the toggle-type; 
that is, it is pulled 
over a center and will 
remain permanently 
open or closed as the 
case may be. The 
operating coils of this 
Fig.9— Street Light Con- toggle switch are indi- 
trol Unit with Glass Cover cated at 2 and 4. 
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Operation 

When it is desired to turn on the street 
lights the control frequency generator in 
the substation is brought up to speed and 
run at the "On" frequency. The genera- 
tor circuit is closed momentarily on the 
feeder carrying the street lights being 

ON MAGNET 
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LAMP 



OPP MAGNET 
CONTROL CONTACTS 

Fig. 10 — Schematic Diagram of Elements 
Used in Control Unit 

controlled. This sends the "On" fre- 
quency to all parts of the feeder and all 
its connected apparatus. All relays tuned 
to the "On" frequency immediately re- 
spond and close their control contacts. 
Then relay 1, Fig. 10, is pulled up, thus 
energizing the operating magnet 2 of the 
toggle switch, closing the switch and 
lighting the lamp or lamps. The genera- 
tor at the substation is then disconnected. 
The "On" relays drop back to the open 
circuit position but the contactor switch 
remains closed owing to the toggle. 
The lights remain "On". 

When it is desired to turn the lights off 
the control generator at the substation is 
brought up to speed at the "Off" fre- 
quency and closed momentarily on the 
feeder. This energizes the "Off" relays 
all over the system. These relays in 
turn energize the operating magnets of 
the toggle switches and pull the switches 



to the open position. The control genera- 
tor is then disconnected, the "Off" relays 
drop back to the open position but the 
toggle switches remain open and the 
lamps remain "Off". 

In the design of the street light control 
unit particular attention was given to 
the jar and vibration to which it is sub- 
jected when mounted in the base of the 
lamp post due to street traffic. The 
control relays are immune to vibration 
from street traffic owing to the use of the 
balanced armature and to the ample 
magnetic pull which the relay develops. 
The toggle switch is also immune to 
street traffic vibration. 

Application to Series System Using 
Constant-Current Regulators 

While the system as developed was 
worked out with special attention to the 
requirements for multiple street lights, it 
is also well adapted to the series systems 
fed from automatic-station type, manhole 
type and pole-type regulators. In ad- 
dition to advantages in the concentrated 
lighting areas, resonant control makes 
possible the central control of series 
street lighting circuits for rural districts, 
over a wide area without the necessity 
of long pilot circuits. 

The method of applying Westinghouse 
control to series systems fed from con- 
stant potential feeders through a pole- 
type regulator is indicated in Fig. 11. 
The pole-type regulator is connected to 
the 2300-volt power feeder by a remote 
control oil switch which may be a West- 
inghouse type RCOC switch. This 
switch is controlled by a standard reso- 
nant control unit energized from the 
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2300-volt feeder, through the medium of 
a step-down potential transformer. This 
transformer is necessary to provide the 
110-volt source for operating the street 
light control unit and also for supplying 
the control current for the oil switch. 
If a 110-220-volt distributing circuit 
is nearby, the potential transformer may 
be omitted and the control frequency 
and operating current supplied from it. 



Potential UaajJ Control Unit 
Tra nsformerr^f) 



2300-VFeeder 
Po le Typ e Regulator 




Control Oil Snitch ' 



Fig, 11— Diagram of Westinghouse Control 
for Series System 



Miscellaneous Applications 

Resonant control as developed for 
street lighting has a wide application 
to many other control problems. The 
Westinghouse Medium Frequency super- 
visory control system utilizes the prin- 
ciples and apparatus of resonant control 
for the remote control of power apparatus. 
Resonant control can also be used for 
the control of sign lighting and for any 




Fig 12 — Application of Resonant Control 
to Series Lighting Circuits 

application ordinarily requiring time 
switches. Remote metering using the 
transmission lines for line wires may 
also be accomplished. The two-rate 
method of metering is also possible. 
When the hours of peak load arrive, a 
high-rate meter may be substituted for 
a low-rate meter and when the peak is 
passed the low-rate meter can be returned 
to the circuit. 



Questionnaire 



The rating of the equipment used for superimposing control frequencies on the distribution circuits is proportional to 
the rating of the system that the equipment has to energize, and it is to a great extent independent of the number of resonant 
relays to be controlled. It is therefore essential that the following questions be answered in detail in order that our 
engineers may choose adequate equipment. 

Station Data 

1. Do you prefer consecutive or simultaneous energizing of phases? State number of phases. 
Note: Consecutive energizing requires less equipment. 

2. Do you prefer consecutive or simultaneous energizing of feeders? State number of feeders and rating. 

Note: Where single feeders are energized the generating equipment is proportional to the rating of the feeder, but more 
wires and switching equipment are required for the station. 

3. Is the portion of the system which is to be controlled fed from more than one source or more than one direction? 
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QUESTIONNAIRE^Continued 

STATION DATA— Continued 

4. Are these sources generators or transformers or both? 

5. Give rating, voltage and percent impedance of each generator. Are they delta or star connected? 

6. Give rating, voltage and percent impedance of each transformer. Are they delta or star connected? 

7. Give diagram showing circuit arrangement of each station which feeds the portion of the system to be controlled, 
showing generators, transformers, feeder reactors, feeder regulators and busses. Is 110 volts d-c. available for generator 
field? 

Transmission or Distribution System 

8. Give diagram showing portion of system to be controlled including branches for which control is not contemplated. 

9. Give cable lengths, sizes and cross section construction of cable portion of system. 

10. Give lengths, sizes and spacing of over-head portion of system. Note 1 — This information should be given in detail 
for transmission circuits, but for distribution feeders from substations a typical feeder may be given. Note 2 — If only a 
portion of the system is to be energized, do you object to the insertion of reactors in the line to limit the control current to 
this portion. 

11. Give range in rating and averag . rating of distribution transformers with type of connection and approximate per 
cent of impedance. 

12. Describe the low tension distribution feeder lay-out. 

Type of Control 

13. Do you desire control of multiple or series lighting, or other type of load. 

14. If multiple, give typical layout of lighting standards with respect to secondary distribution feeders. Note, if light- 
ing standards are adjacent to secondary distribution feeders, it is preferable to use one relay to each standard. 

15. Give size and number of lamps per lighting standard. Is one side of the lamp permanently connected to the live 
side or to the ground side of the line? 

16. If series lighting, give typical lay-out of primary and secondary distribution feeders with respect to series lighting 
feeders. 

1 7. Can secondary distribution circuits be used for control or must potential transformers be provided? 

18. Are constant current regulating transformers to be included in the estimate or are these in the possession of the 
customer? 



19. Give rating and voltage and method of connection to primary distribution circuits. 

20. Are the oil switches to be included in the estimate or are these in the possession of the customer? 

21. Give rating, voltage and type of connection desired for oil switches. 

22. Is lightning protection for the oil switches and constant current regulators to b! included in the estimate? If so, 
give type of protection desired. 

23. If for sign lighting, store window lighting or off-peak loads, such as hot water heating, give complete description of 
type of control service desired. 






General 

24. Give estimate of proportion of power and lighting load at the times for using resonant control. 

25. Give prediction of growth of stations and circuits. 
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Westinghouse Electric 8C Manufacturing Company, East Pittsburgh, Pa. 



WESTINGHOUSE SALES OFFICES 

ABILENE. KAN., 300 Cedar St. N. 

ABILENE, TEX., 109 Second St. N. 

AKRON. OHIO. 7M United Bldg., Main and Market Sts. 

ALBANY, N. Y.. Home Saving* Bank Bldg., 11 Pearl St N 

AMARILLO, TEX., Third and Filmore Sts. 
•ATLANTA. GA.. Westinghouse Elee. Bldg.. 426 Marietta St 

BAKERSFIELD, CALIF., 2224 San Emedio St. 

BALTIMORE, MD., Lexington Bldg., Lexington and Liberty Sts 

BAY CITY, MICH.. 2109 Sixth St. J 

BEAUMONT, TEX.. 1012 Pennsylvania Ave. 

BIRMINGHAM. ALA., 1406-11 Comer Bldg , Second Ave. and 2 1st St 

BLUEFIELD, W. VA.. Peery Bldg., Bland and Federal Sts. 
•BOSTON. MASS., Rice Bldg.. 10 High St. 
♦BRIDGEPORT, CONN.. Bruce Ave. and Seymour St. 
•BUFFALO, N.Y.. Elhcott Square Bldg., 814 Ellicott Square 

BURLINGTON, IOWA, 118 Jefferson St. 
•BUTTE, MONT.. Montana Elec. Co. Bldg., 52 E. Broadway 

CANTON. OHIO. First Nat. Bank Bldg.. Market Ave. and Tuscarawas St 

CEDAR RAPIDS. IOWA. 1314 E. Third Ave. 

CHARLESTON. W. VA.. Kanawha Nat. Bank Bide., Capitol and Virginia Sts 
•CHARLOTTE. N. C, Westinghouse Elec. Bldg.. 210 E. Sixth St. 

CHATTANOOGA. TfcNN.. 811 Tenn. Elec. Power Bldg. 536-540 Market St. 
•CHICAGO, ILL., Conway Bldg., 1 1 1 W. Washington St. 
•CINCINNATI, OHIO, Westinghouse Elec. Bldg.. Third and Elm Sts 
•CLEVELAND. OHIO. Westinghouse Elec. Bldg., 2209 Aibland Rd S E 

COLUMBUS. GA., 1225 Fifth Ave. 

COLUMBUS, OHIO. Interurban Terminal Bldg.. Third and Rich Sts 
•DALLAS. TEX., Magnolia Bldg., Akard and Commerce Sts 

DAVENPORT. IOWA. United Light and Power Bldg.. 208 E. Second St 

DAYTON, OHIO, 1334 Third National Bldg., 36 Main St N 
•D1NVER. COLO., Gas and Electric Bldg.. 910 15th St. 

DES MOINES. IOWA. Equitable Bldg., W. Sixth and Locust Sts. 
•DETROIT, MICH., Weitinghouse Elec. Bldg., 5757 Trumbull Ave 

DUBUQUE. IOWA, 303 Federal Bank Bldg. 

DULUTH, MINN.. Bradley Bldg,. Lake Ave. and Superior St. 

hLMIRA. N. Y.. Hulett Bldg.. 338-42 E. Water St. 

I'ASO. TEX.. 910 Mills Bldg., Oregon and Mills Sts. 

ERIE. PA., Erie Trust Bldg,. State and Tenth Sts. 

EVANSVILLE. 1ND., Box 457 



FAIRMONT, W. VA., 602 Cleveland Ave. 

FERGUS FALLS. MINN.. Kad.itz Hotel 

FORT WAYNE. IND.. 1010 Packard Ave. 

FRESNO. CALIF., Hotel Fresno 

GARY. IND., 1514 W. Fifth Ave. 

GRAND RAPIDS, MICH.. 507 Monroe Ave. N. W. 

HAMMOND. IND.. 135 Oakwood Ave. 
•HOUSTON. TEX., Union Nat. Bank Bldg., Main St. and Congress Ave 
•HUNTINGTON. W. VA., Westinghouse Elec. Bldg., Second Ave. and 9th St 
•INDIANAPOLIS. IND., Westinghouse Elec. Bldg.. 820 Senate Ave N 

JACKSON. MICH., Consumers Power Bldg., 212 W. Michigan Ave 

JACKSON, MISS., 820 Carlisle St. 

JACKSONVILLE. FLA.. 719 W. Forsyth St. 

JOHNS I OWN, PA., 47 Messenger St. 

JOPLIN. MO., P. O. Box 653 
•KANSAS CITY, MO.. Westinghouse Elec. Bldg., 2124 Wyandotte St. 

KNOXVILLC. TENN., 413 Bankers Trust Bldg. 

LOUISVILLE, KY.. Heyburn Bldg., 4th and Broadway 
•[OS ANGELES. CALIF.. Westinghouse Elec. Bldg.. 420 San Pedro St S 

MADISON. WIS., 508 Edgewood Ave. 

MEMPHIS. TENN.. Exchange Bldg.. 130 Madison Ave. 

MIAMI, FLA., 1125 Ingraham Bldg., 25 Second Ave. S. E. 



MILWAUKEE. WIS., First Wisconsin Nat. Bank Bldg., 42T E. Water St. 
•MINNEAPOLIS, MINN., Northwestern Terminal. 2303 Kennedy St. N. E. 

NASHVILLE, TENN., 109 Ninth Ave. S. 

NEWARK, N. J., Academy Bldg., 17-25 Academy St. 

NEW HAVEN. CONN., Liberty Bldg.. 152 Temple St. 
•NEW ORLEANS. LA., 708 Masonic Temple Bldg.. 333 St. Charles St. 
•NEW YORK. N. Y.. Westinghouse Elec. Bldg.. 150 Broadway 

NIAGARA FALLS. N. Y.. Cluck Bldg., 205 Falls St. 

NORFOLK. VA.. National Bank of Commerce Bldg.. 300 Main St. 
•OKLAHOMA CITY. OKLA., Pernne Bldg.. Robinson and Fust Sti. 

OMAHA. NEB., 712 Electric Bldg., 409 17th St. a. 

ORLANDO, FLA.. P. O. Box 98 (Telegrams 806 Lucerne Terrace) 

PEORIA. ILL.. 104 State St. 
♦PHILADELPHIA, PA.. Westinghouse Elec. Bldg.. 30th and Walnut Su. 
•PHOENIX. ARIZ., 412 Luhrs Bldg., 11 W. Jefferson St. 

PINE BLUFF. ARK., 1603 W. 17th Ave. 
•PITTSBURGH. PA., Chamber of Commerce Bldg.. Seventh Ave. and Smith- 
field iit. 

PORTLAND. ME., 61 Woodford St. 
•PORTLAND, ORE.. 901-3 Porter Bldg.. Sixth and Oak Su. 

PROVIDENCE. R. I.. 393 Harris Ave. 

PUEBLO. COLO.. 222 Colorado Bldg.. Fourth and Main Sts. 

KALLI'jH. N. C, 803 Person St. N. 

RICHMOND. VA.. Electric Bldg.. Seventh and Franklin Sts. 

RIVERSIDE, CALIF., 176 Rosewood Place 

ROCHESTER, N. Y., Gas and Electric Bldg.. 89 East Ave 

ROGKFORD. ILL., 414 Stewart Bldg.. 206 Main St S. 
•SALT LAKE CITY, UTAH. McCornick Bldg.. Firit South and Main Su 

SAN ANTONIO, TEX.. 403 Frost National Bank Bldg. 

SACRAMENTO, CALIF.. 209 Hagelstein Bldg.. 1106 Ninth St 

SAN DIEGO. CALIF.. 411 Electric Bldg.. 863 Sixth St. 
•SAN FRANCISCO. CALIF., Crocker First National Bank Bldg.. I Mont- 
gomery St. 
•SEATTLE. WASH.. Lloyd Bldg.. Sixth and Stewart Su. 

SHREVEPORT, LA.. 219 Wilkinson St. 

MOUX CITY. IOWA. 2311 George St. 

SOUTH BEND. IND.. 523 Sherland Bldg. 

SPOKANE, WASH., 1322-23 Old Nat. Bank Bldg.. Riverside & Stevens Su 

SPRINGFIELD, ILL., Public Service Bldg.. 130 Sixth St S 
•ST. LOUIS. MO.. Ambassador Bldg.. 411 Seventh St. N. 

STOCKTON. CALIF.. 125 W. Main St. 

SYRACUSE. N. Y., 801 Loew Bldg,. Salina. Jefferson and Clinton Sts. 

TACOMA. WASH.. 1004 Washington Bldg.. 1021 Pacific Ave. 
PA, FLA.. Westinghouse Elec. Bldg.. 417 Ellamae Ave. 

TERRE HAUTE. IND.. 309 Terre Haute Truat Bldg.. Seventh and 
Wabash Sts. 

TEXARKANA. ARK., P. O. Box 662 

TOLEDO. OHIO, Ohio Blag.. Madison Ave. and Superior St 
•TULSA. OKLA.. Mid-Contin L nt Bldg.. Filth St. and Boston Ave 
•UTICA. NY.. Utica Gas and Electric Bldg.. Geneace St. 

WASHINGTON. D. C. Washington Bldg., 15th St.. G St.. and New York 
Ave. N. W. 

WATERLOO. IOWA. 305 W. Fourth St. 

WICHITA. KAN.. P. O. Box 1226 

WILKES BARRE, PA., Westinghouse Elec. Bldg.. 267 Pennsylvania Ave N 

WILMINGTON. CALIF.. 303 Avalon Blvd. ' ' 

WORCESTER. MASS.. Park Bldg.. 507 Main St. 

YOUNGSTOWN, OHIO. 810 First National Bank Bldg.. 16 Central 8ouare 

Tht HAWAIIAN ELECTRIC CO.. Ltd., Honolulu. T. H.— Agent 
•Warehouse located in this city. 



ABILENE, KAN., Union Electric Co. 
ALBANY, N. Y , H. C. Roberts Elec. Supply Co. 
ASHEV1LLE. N. O, Carolina States Electric Co. 
ATLANTA, GA., Gilham Electric Co. 
BALTIMORE, MD., H.C. Roberts Elec. Sup. Co. 
BINGHAMTON, N. Y., H. C. Roberts Elcctr.c 

Supply Co. 
BIRMINGHAM, ALA., Moorc-Handley Hdw. Co. 
BLUEFIELD, W. VA., Superior Supply Co. 
BOSTON. MASS.. Wetmore-Savage Elec. Sup. Co. 
BROOKLYN. N. Y., Alpha Electric Co. 
BUFFALO. N. Y.. McCarthy Bros. £/ Ford 
BUTTE. MONT.. Fobes Supply Co. 
CANTON, OHIO. The Moock Electric Sup. Co. 
CHARLOTTE, N. C. Carolina States Elec. Co. 
CHATTANOOGA, TENN., Mills cV Lupton 

Supply Co. 
CHICAGO, ILL.. Illinois Electric Co. 
CINCINNATI. O.. The Johnaon Elec. Sup. Co. 
CLEVELAND. OHIO. The Erner Electric Co. 
COLUMBIA. S. C. Mann Electric Supply Co. 
COLUMBUS. O.. The Hughes Peters Elec. Corp. 
DALLAS, TEX., Electric Appliance Co., Inc. 
DENVER, COLO.. The Mine tf Smelter Sup. Co. 
DES MOINES. IA.. Julius Andrae &> Sons Co. 
DETROIT. MICH., Commercial Elec. Sup. Co. 
DULUTH. MINN.. Great Northern Elec. App. Co. 
EL PASO, TEX.. The Mine tf Smelter Sup. Co. 
ERIE, PA.. Star Electrical Co. 
EVANSVILLE. IND.. The Varney Elec'l Sup. Co. 
FARGO. N. D., Great Northern Elec. App. Co. 
FLINT, MICH.. Commercial Elec. Sup. Co. 



ATLANTA. GA., 426 Marietta St. 
BALTIMORE, MD., 501 East Preston St. 
BOSTON. MASS.. 12 Farnsworth St. 
BRIDGEPORT. CONN.. Bruce Ave. and Sey- 
mour St. 
BUFFALO. N. Y., 141-157 Milton St 
CHARLOTTE. N. C. 210 E. Sixth St. 
CHICAGO. ILL,. 2201 W. Pershing Road 
CINCINNATI, OHIO. Third and Elm Sts. 
CLEVELAND. OHIO. 2209 Ashland Rd. S. E. 
DENVER, COLO.. 1909-11-13-15 Blake St 



WESTINGHOUSE AGENT-JOBBERS 

GRAND RAPIDS, MICH. Com"! Elce. Sup. Co. 

GREENSBORO, N. C. Carolina States Elec. Co 

GREENVILLE, S. C. Mann Electric Supply Co. 

HOUSTON. TEX.. Tel Electnc Co. 

HUNTINGTON. W. VA.. Banks-Miller Sup. Co. 

INDIANAPOLIS. IND., The Varney Electrical 
Supply Co. 

JACKSONVILLE, FLA . P<erce Electric Co. 

JERSEY CITY. N. J.. Newark Elecl Sup. Co. 

KANSAS CITY, MO.. Columbian Electrical Co. 

LOS ANGELES. CALIF.. Illinois Electric Co. 

LOUISVILLE. KY.. Tafel Electric Co. 

MASON CITY. IOWA. Julius Andrae c^Sons C 

MEMPHIS. TENN.. Commercial Ekc'l Sup. Co. 
U. FLA.. Pierce Electnc Co. 

MILWAUKEE. WIS., Julius Andrae cV Sona Co. 

MINNEAPOLIS. MINN., Great Northern Elec- 
tric Appliance Co. 

NEWARK. N. J.. Newark Electrical Supply Co. 

NEW HAVEN. CONN.. The Heasel tfHoppenCo. 

NEW ORLEANS. LA.. Electrical Supply Co. 

NEW YORK. N. Y.. Alpha Electric Co. 

NEW YORK. N. Y., Times Appliance Co., Inc. 

OAKLAND. CALIF., Fobes Supply Co. 

OKLAHOMA CITY. OKLA.. Electric Appliance 
Co., Inc. 

OMAHA, NEB., McGraw Electric Co. 

PEORIA. ILL.. Illinois Electric Co. 

PHILADELPHIA. PA., H. C. Roberts Electric 
Supply Co. 

PHOENIX. ARIZ.. Illinois Electric Co. 

PITTSBURGH. PA.. Iron City Electric Co. 

WESTINGHOUSE SERVICE SHOPS 

FAIRMONT. W. VA.. 602 Cleveland Ave. 
HOUSTON. TEX.. 2315 Commerce St. 
HUNTINGTON. W. VA.. 9rh St. & 2nd Ave. 
INDIANAPOLIS. IND.. 814-820 N. Senate Ave. 
JOHNSTOWN, PA.. 47 Messenger St. 
KANSAS CITY. MO.. 2124 Wyandotte St. 
LOS ANGELES. CALIF.. 420 S. San Pedro St 
MILWAUKEE. WIS.. 37 Erie St. 
MINNEAPOLIS, MINN. 2303 Kennedy St. N.E. 
NEW YORK. N. Y.. 467 Tenth Ave. 
PHILADELPHIA, PA., 30th and Walnut Sts. 



Co. 



Inter -Mountain Elec. 
Fobes Supply Co. 
I.. Wetmore-Savage Electric 



POCATELLO. IDA.. 
PORTLAND. ORE.. 
PROVIDENCE. R. 

Supply Co. 

RALEIGH, N. C. North State Elec. Sup. Co. 
READING, PA.. H. C. Roberts Elec. Supply Co. 
RICHMOND, VA.,Tower-Biniord Elec. c/Mfg Co. 
ROCHESTER, N. Y., Rochester Elec'l Sup. Co. 
ST JOSEPH, MO.. Columbian Electrical Co 
ST LOUIS. MO., Commercial Elec'l Sup. Co. 
ST. PAUL, MINN.. Great Northern Elec. App. Co. 
SALT LAKE CITY. UTAH. Inter-Mountain 

Electric Co. 
SAN ANTONIO. TEX.. Electnc Appliance Co. 
SAN FRANCISCO. CALIF.. Fobes Supply Co. 
SCRANTON, PA., Penn Elecl Engineering Co. 
SEATTLE. WASH.. Fobes Supply Co. 
SIOUX CITY. IOWA, McGraw Electric Co. 
SPOKANE. WASH.. Fobei Supply Co. 
SPRINGFIELD. MASS.. Wetmore-Savage Electric 

Supply Co. 
SYRACUSE. N. Y..H.C Roberta Elec. Sup. Co 
TAMPA, FLA., Pierce Electric Co. 
TRENTON. N. J.. H. C. Roberts Elec. Sup. Co. 
TULSA. OKLA.. Electric Appliance Co.. Inc 
UTICA. N. Y., H. C. Roberta Elec. Supply Co. 
WASHINGTON, DC, H.C Roberts Elec. Sup. Co. 
WATERLOO. IOWA, Julius Andrae &> Sons Co. 
WILMINGTON. DEL.. H.C. Roberts Elec. Sup. Co 
WORCESTER. MASS.. Wetmore-Savage Electnc 

Supply Co. 

YOUNGSTOWN. O.. The Moock Elec. Sup. Co. 



PITTSBURGH, PA., 6905 Susquehanna St. 
PROVIDENCE, R. I.. 393 Harris Ave. 
SALT LAKE CITY, UTAH, 346 Pierpont Ave 
SAN FRANCISCO, CALIF.. 1466 Powell Street 

Emeryville, Calif. 
SEATTLE. WASH., 3451 Eaat Marginal Way 
SPRINGFIELD. MASS., 395 Liberty Se 
ST. LOUIS, MO.. 717 South Twelfth St 
TOLEDO. OHIO. 205-207 First St. 
UTICA. N. Y.. 113 North Genesee St. 
WILKES-BARRE, PA., 267 N. Pennsylvania Ave 



DETROIT, MICH.. 5757 Trumbull Ave. 
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